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Abstract
Reliable file transfer is important in broadcast networks. In this paper, we have
investigated if it is useful to extend the DAB standard with Fountain codes.
To evaluate this, results from measurements in a live Single Frequency Network
(SFN) were used. Our results show that the existing error correction algorithms
provide already reliable file delivery, so there is no need to extend the DAB
standard.
1 Introduction
DAB (Digital Audio Broadcasting)[1] is the European successor of analog FM radio.
Besides audio services, other services such as traffic information can be provided. For
these data services a reliable file delivery method is necessary. Other wireless standards
such as DVB (Digital Video Broadcasting) and UMTS (Universal Mobile Telecommu-
nications System) have been recently extended with Fountain codes [2], a new class
error correction codes in the application layer.
This paper evaluates the usage of Fountain codes in a Terrestrial DAB Network for
reliable file download. To evaluate this, results from measurements in a live Single Fre-
quency Network (SFN) were used. (In 2005/2006, the University of Twente conducted
a DAB field trial in Amsterdam commissioned by the Dutch Ministry of Economic
Affairs [3].)
The outline of this paper is as follows. First, an introduction is given about the
physical layer of DAB, which is followed by a description of Fountain codes. Then,
measurements results of the DAB field trial are presented and used to assess the effec-
tiveness of applying Fountain codes in a DAB broadcast network. At the end of the
paper conclusions are drawn.
2 Digital Audio Broadcasting
The physical layer of DAB [1] includes an OFDM-based (Orthogonal Frequency-Division
Multiplexing) transmission with D-QPSK (Differential-Quadrature Phase Shift Key-
ing) modulated sub carriers using RCPC (Rate Compatible Punctured Convolution
Codes) for error correction. For data services, an optional Enhanced Packet Mode
(EPM) is available which uses a shortened Reed-Solomon (204,188) code for extra pro-
tection. Every DAB channel consists of a multiplex of 2304 kbit/s (including error
correction) which contains multiple sub channels (e.g. radio stations). In a typical
situation, the multiplex contains about 10 radio stations1.
1In 2007, DAB+ was approved by the ETSI. This new standard allows typically 25 radio stations
in one multiplex.
Figure 1: Schematic scheme of a Single Frequency Network (SFN), (taken from [4])
Terrestrial DAB has been designed to operate in a Single Frequency Network (SFN)
[4], consisting of several DAB transmitters that broadcast on the same frequency. A
schematic scheme is depicted in Figure 1. The network has been designed in such a
way that the delay spread of the received paths of other transmitters are within the
cyclic prefix duration, i.e. signals from other transmitters can be considered as extra
received paths. This results in a network gain, which saves transmit power compared
to a single transmitter [4]. In the next section, we discuss how Fountain codes work
and how they can be applied in DAB.
3 Fountain codes
The encoder of a fountain code is a metaphorical fountain that produces an endless
supply of encoded packets. Now, anyone who wishes to receive the encoded file holds
a bucket under the fountain and collects enough packets to recover the original file. It
does not matter which packets are received, only a minimum amount of packets have
to decoded correctly.
At each clock cycle, labelled by n, the encoder chooses randomly several packets,
and computes the bitwise sum of these source packets to generate the corresponding
transmitted packet. Not only a random selection of packets has been made, also how
many packets are used, is random. In addition, the encoder generates K bits Gkn, to
indicate which packets are selected.
So the encoded packet at clock cycle n is:
tn =
K∑
k=1
skGkn (1)
in which tn is the encoded packet at the n
th clock cycle, sk the k
th source packet
and G the generator matrix. The fountain code can supply us with endless number of
packets, according to equation 1. In practical situations, however, only a fixed number
of packets are generated. At the receiver side enough packets (N) have to be received
for successful decoding. This is shown in Figure 2.
One of the challenges is to design low-complexity Fountain codes. To reach this, the
average degree i.e. the average number of source packets in one output packet should
be low. Also, each source packet has to be covered after N = K +  received packets,
in which K the number of source packets is and  the number of extra packets. Both
requirements are incompatible. Good low-complexity Fountain codes can be designed
by pre-code the message first with a fixed erasure code. These codes are called Raptor
codes [6].
Due to the low-complexity and good performance, Raptor codes are used in wireless
standards like DVB-T/H and UMTS on top of the existing error correction layer. The
applications include streaming video and file delivery [7].
Figure 2: The generator matrix of a fountain code (top). When the packets are trans-
mitted, some are not received, shown by the grey shading of the packets and the cor-
responding columns in the matrix. We can realign the columns to define the generator
matrix, from the point of view of the receiver (bottom) [5].
Figure 3: Channel 12B, field strength
File delivery is an application where reliability is very important. For example,
new firmware can be distributed efficiently over-the-air using DAB. In this application,
reliable file delivery is very important. In this next section, we investigate if the use of
Fountain codes is beneficial.
4 Measurements in live SFN network
In this paper, we use the result of a DAB field trial (2005/2006) in Amsterdam [8] to
evaluate the performance of these codes in a live network. In Figure 3 the field strength
of the network (channel 12B, 225.648 MHz) is shown and in Figure 4 the BER (Bit
Error Rate) after FEC (Forward Error Correction) is depicted. In this case, the used
error correction mode is UEP3 (Rc = 0.5) [1] which is commonly used for audio sub
channels throughout the world.
Multiplex operators will roll out a DAB network for at least outdoor coverage. In
this case, the field strength has to be 46 dBµV/m or more [8]. The accompanying BER
of the source packets is zero in more than 99% of the time in these areas!
Mode UEP3 is based on RCPC for error correction. For data applications, mode
EEP3 [1] is used. This mode has a similar code rate and hence similar performance
as a UEP3 sub channel [8]. In 2006, the DAB standard has been extended to provide
extra protection for data services. This mode is called Enhanced Packet Mode (EPM).
To facilitate this, the error correction and detection system of DAB has been extended
with an optional shortened Reed-Solomon (204, 188) outer code. It increases the coding
Figure 4: Channel 12B BER after FEC
overhead with 8.5%. On the other hand this code can correct up to 8 bytes in every
burst of 204 bytes. So, it can correct all bit-errors in Figure 4, where there is outdoor
coverage (46 dBµV/m).
Thus, for reliable file delivery, the existing error correction layer in a live SFN DAB
network already provides a robust physical layer. There is no need for extra error
correction in the application layer.
Only in special coverage locations, like tunnels, there is no reception at all of the
DAB network. The special coverage locations occur in less than 0.1% of the service area
(Figure 4) and the time duration that a user has no signal is unknown. For example,
there could be a traffic jam in the tunnel.
4.1 Evaluation
In the previous section, we have shown that there is no need for additional error
correction for reliable file delivery in a live SFN DAB network . A SFN DAB network
for outdoor coverage provides already reliable file delivery. So, extra error protection
will result only in additional overhead, without performance gain. However, Fountain
codes still have some benefits. First of all, Fountain codes are located in the application
layer. This means that current DAB chip sets already are fully compliant. Only the
application processor needs to do extra signal processing.
Fountain codes have small overhead i.e. < 5%, if it operates on large block sizes [9]
i.e. 200 kbits or more. The lowest bit rate for a sub channel is 8 kbit/s [1]. So, for small
bit rates, Fountain codes will only be more efficient than the current Reed-Solomon
implementation, if a large delay is allowed of several seconds.
Moreover, Fountain codes allow the use of hybrid networks [10]. For example, the
multicast DAB network can be combined with a point-to-point network like UMTS
or GSM network. (This is also required for interactive radio and TV services.) So,
if a receiver is unable to decode enough packets via the broadcast network, it can
request for more packets using the point-to-point network. A second advantage of this
application would be to build a broadcast network in dense urban areas only and use
the point-to-point network in rural areas. This results in lower operational costs for
the network operator.
5 Conclusions
In this paper, we have shown that Fountain codes are not required for reliable file
transfer in a broadcast environment:
• The current forward error correction layer -based on RCPC and Reed-Solomon
codes- provides already a reliable reception.
• In special coverage locations, like tunnels, there is no reception at all of the DAB
network and extra error correction will not improve the reception quality.
However, Fountain codes allow the use of hybrid networks i.e. a multicast DAB
network can be combined with a point-to-point network like GSM or UMTS. If a
receiver receives not enough packets, it can request for more packets using the point-
to-point network.
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